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LOW STRAIN TYPE CARBURIZED AND QUENCHED STEEL STOCK FOR GEAR 

PROBLEM TO BE SOLVED: To determine the chemical composition of a steel stock for 
gear, minimal in strain. 

SOLUTION: A steel stock, having a composition which consists of, by weight, 0.10-0.35% 
C, 0.50-2.5% Si, 0.20-2.50% Mn, 0.01-2.50% Cr, 0.01-0.70% Mo, 0.01-2.0% Ni, and the 
balance iron with inevitable impurities and in which AC3, represented by equation, 
Ac3=920-203VC+44.7Si+31 .5Mo-30Mn-1 1Cr+40 AI-15.2Ni-f-13.1 W+104V+40Ti. is 
regulated to 850-960°C and also Dl, represented by equation, 

DI=7.95A/C(1+0.70Si)(1-f3.3Mn)(1 +2.1 6Cr)(1+3.0Mo)(1 +0.36 Ni)(1+5.0V), is regulated to 
30-250mm. is used. This steel stock is carburized at 850-1 ,000°C, hardened at 
800-950*^0, and tempered, by which the noncarburized zone of the steel stock is 
provided with dual-phase structure consisting of martensite containing 10-70area% ferrite. 
Further, one or more kinds selected from the group consisting of 0.01-0.70% W and 
0.01 -1 .0% V and/or the group consisting of 0.005-2.0% Al, 0.005-1 .0% Ti, 0.005-0.50% 
Nb, and 0.005-0.50% Zr are added. It is desirable to regulate Dl to 30-1 50mm. 
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(74) A 





(54) [M9li©^^J:3 i£llJ5^§^«lAn**ffl«*J 

(57) 

[S?^#^I53 wt.^T', C:0.10-O.35%.Si:O.50 -2.5 
%.Hii:0.20--2.50%,Cr:0.01 -2. 50%. Mo: 0. 01 --0.70%.N 
i:0.01 —2.0%. m^' -. WiRt^T''^MTMmX\ (1) 
5t:Ac,:: =920-203 ,rc+44.7Si+31 .5Mo-30Mii-llCr+40Al 
-15.2Ni+13.1W+104V+40Ti — (1) (Cj;^,Ac3 >^\850~ 
960 "C , (2) 5^: Di =7.95v'~C(l-K).70Si ) (l+3.3Mn) (1 

+2.16Cr)(l+3.0Mo)(l+0.36Ni)(l+5.0V) (2) izX?^ 

Di *'»30--250iiun <7m^f&^<r)fmHZ , 850 ~1000T1« 
i^. 800-950 XiAXilil , 'I^ML ^rL . mn<^Mi^&i 

O^rl. ZMmmfl^im^.Z'th . »2.W:0.01 -0.70%. V: 
0.01-1. 0%i7)S?^ at>:.-'i7'-{i:Al : 0.005 —2.0 %.T) : 
0.005 — l.O/i.Nb : 0.005 — 0.50/i.Zr : 0.005 — 0.50w 

0— ISOnini (.C-^-^>„ 



RN.csnnnin- <. ip 



(2) :^IBT9-1 1 140 3 



imsmi ] mm(c) ■. o.io-o.35wt.%, 

> iJa>'{S]) : 0.50--2.5 wt.%, 
-7y/j'> {Mu) : 0.20~2.50wl.%, 
7nA(Cr) : 0.01— 2.TOwt.%, 
t IJ rT'VCMo) : 0.01-M).70wt.%, i^iXV-\ 

Ac. =920-203 >^C+44.7Si+31.5Mo- 

IC J; r Mtai § i-a. Acs <y:^-9— , 850 —960 

Di =7. 95/' CO +0 . 70Si ) ( 1 +3. 3Mii) 

izX-^-Z-M-tti^il^MmmTrmU Uh ) *»30-250iiiin 

mimwizmx . -^fS-s 5 0- 1 0 0 ox-i^mmf^x- 

iIK?afl'^lifiL . ;;Xt >T\ rSSS 0 0 — 9 5 0X:c7.)iEH 
is//, -7 5 'f 1- -r 1 0 — 7 OmW<.%ts-7>l 'r> V-^ 

> :?' X-r- > (W) : 0. 01--0. 70w1 . %, iSXX/^ 
.'Ni->-'>A(V) : 0.01 -1 .0 

**':>s^fi^^'^^ < h i i o<7)7c»^ , mizmw l t t-^ 



^9> (Ti) 



0.005 -2.0 wl..%, 
0.005 —1.0 wt.%, 
0.005 — 0.50wt.%, i-iXX/. 
0.005 — 0.50wi.% 



J!)^'•;>®^/i^•^-< til oc7)7t3S^ , MizmnLx 

«... 

[ ff 4 ] Tie {t^BS.7fm.^/}^ ^m-. 

9>y7^^>m : 0.01-0. 70^^^t..?i. 

>s^>'^lAV) : 0.01—1.0 wt..% 

A''':.ig/v.;^i.'i'-^-< y L 1 o£'.)jr%, Mt/lc, Tlclft^ijJt 

0.005 —2.0 wt.%, 

0.005 —1.0 wt.?:, 

0.005 — 0.50wt.;4, ii^Jf. 
0.005 — 0.50wt.S 

«... 

[|g3tI.S3] mJl£?im=orrjlfl (Di ) {i, 30-150 nnn 

-^<.z^m(^)^^mmm?jxmmmn -. 



r/l. 5— '7X>(A1) 
^:^'> (Ti) 
:i:^y(Nb) 
>/l3J::'*7jU(Zr) 



r: y ^r/KNi) : 0.01—2.0 wt.S 

L*^i., Tied) 5fc: 

30Mii-llt;r+40Al -15 . 2N i +13 . lW+104 V+40T i 
(1) 

Tia(2) ^ : 

(1+2. 16Cr) (1+3. OMo) (l+0.3fiNi) (1+5.0V) 
(2) 

I 0 0 0 1 ] 

iim^xjxm(7.m^Atim^x 'h $ ^ » . iSM^mimm 
?jL^^mmtii,zm-t^ i,<p)X'h i> .-, 

[ 0 0 0 2 ] 

fH-y h -fW&:mz%mff^^-fh i i.i± , ± >: L T iSm 
-f -XtcJ: ^ h ayX'hh ... =3r-\'./ -f X 
ii, BlSi?:)ni;£A#t >c7:)TB-^(cJ; '>-C-%:t-^?P lO)^:^:, 

BSi?f5 $ i vtzW-^-msi^^zn L . <- i7)^Ei ^ 5? fb-r -s. /---m^ 

^jm-r-g. ) ^m.^VtLfdm'.z^-ti.^y^onig^^^-t 

[0003] EP*>. mnmmmzn-i'h\m.>i^xivi^ 

h mm-/j' h V ti n- > -f h ffl^(cs;.i?.-r .s. mz 
^■fh mwm^zim-th tm^-fh tz)fy . imiz 

^w<m^i^ < *(t!^-r ^. r t -h^x-^K^v^tzmz^T 
y A 7:fj^^±-th .. mz , gf)jmc7.) \-yy .7. 5 ■•/ > 3 > 

fflJf"^C±it >-C«i, elicit L-r fiEy>-C SJ L t»$iJPMvt) 

i> (c t /j'/?'.b A, ^ , ^ amms^'] ^ $ < ^-m w-fm ^ -^tz 
A v^\%omm,zt£-yX^^hi'z^\,z. im.md\.mz-m. 

[0 0 04] -cIT\ mlI^-)^-ffiff(ti7:)|6|_h-J|l.?>;-j*^ 
'AmAJdx^ixfzim.^'f^nTiWmmil^lL'LX , 

ts:wmn\izi.?MmiLX'>,i. mmnwmt i. z t 
izx ^')^m.m^iz^iz\&Tth(7y?i.ti:hi', wmmM 
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[00 05] ±m Ltz^jph , mmmmmi. amn?. 

F6]±$H±'&7t:*^(C, ?f!KaiS*;tf*^. .~tL(Cffl,vJ^7^a 

[0006] mMmmncr)iM.?jiM^M.^is.m-th-fT& 
iz. Ai , Ti , }ibm<7)kt^Brmmit7vm^miEmm)}air^i> 

[ 0 0 0 7 ] , !ftfflT5 -70925 Si , M 

IK cr, w46xuy m(^>it'^m.7fm.fS.*:mwmizm^ 
Ltzm:/}^'^^^^w^m.shizm.mmmit9m^mtfz 

b ) c^)Ar,^.£i.aT'c%^&mmizmn^7^zt tzi. 

L , L T . jftm i *-r-g. r t l>zX 0 - *f^ragPi7j^f ^ 
itrtSP C)7~. X ^ >4-i' ' y X 7 b t 'inm'<— y -f 

i~ (zmnt s > V > y^m n-xr . 7t^T^s w 2 > ^ > ) 

[ 0 0 0 S 3 ^ , («J ;t imm^ 3 - 260048-^ , 

5fe^7SWi3hi>d ) ^1135^ LTt^^,. . 
[ 0 0 0 9 ] 

\%mm&:L^ '.>y.-thWM\ L*>t'Sr*»^. ±3*L- 
o , i*! Ai A ^ i^—it-t & -Z t t/'X t^hh.^ > 0 f IJ * ar 



[0010] mim^ 2 a , iSl^^l' 7 X 5* -f t> • .' S— 

gp*>^NiPtgc//7xf7-< h • >K-^i ]-mmx'i)ttziif> 

[0 0 1 1 ] 7t^Tf$ffi3{i, SliS(c5gv»Ml^ft^i|*JS'r 
^ra5i fbl W-S' C >: ii^X^ - i - 5 0 0 - 7 0 0 C 

o-MMmx-mmtho^xmrns^i^y^M-^ y' ^ > 5 

fij,'^'^*^-^.. L*^L^-/>»'^, 7t4ftef'lj3{i, ®fl:iiiS 
$*'a< , +.5)-^'^g!'fbil5rf#-g.l;{±5 0—1 0 ODf^ic 

[0012] ^^a-'T, 3c7)^HBwse^(i. ±i*L/::rn1gB 
[0013] 

[tiRii*)9f?^-ri.^c*^^':)^pa] if9tm^m\i.. ±j>mLtz 

fz. 

[0014] mMmm¥i<7yi^mm.>Jxm^M>.zwm^'B!. 

Xx-^-f l-ffi^4'tC7x7 'f h*: 1 0- 7 0%M^$ 
•e, ?SKM Aixf*<7,)ffl^2r7xx -f I- • -7)l'7->"*rA h 

[0015] z.ayW^lzii\,^X{i: M^X'K-r)Wm'i-^x 

mm.m.xiiy>mm<^wxmM*£m)'k-th > ts^x-^ h 
^ V rnrn^ ic 7 X ^ h ^. ffl^t-:^- ^ «i t 

[00 1 63 r t\ . Miu Cr. Mo, Al , V 
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Acs =920-203 v''(>44.7Si+31.5Mo 

(Cj;-5-C^tti$il.-&Acn 850 -960 

Dj =7.95>rc(l+0.70Si)(]+3.3Mn) 

IZX-yXn-ta^iXhUmMrrmiM: (Dj ) ^''3O-250inni 

i7)mif^izhnf^^^mm.i^t^mt!i'ch'>x , fj 

i£«M(c*l-L T . iMims 5 0 — 1 0 0 0 Cf ;)iEl![*lt7t 
t . ^ <7) J; d iz IX'1% f:Jxz. fzmi?Mti<^y^m^^><^M 

b X 0 ^-'g.-iaifla-c'j)-^. c t iznwii^-rro tc^.^x-^^ 

!>,. zcrMBni,zi-i\,^x . ±ie ( 1 ) 3*:t5J;t^' 
(2) ^(liOAcy }^.'Ky^ — 'S^—iiJ:l>TmS&Trmf^ 
(Di ) '^»:thl-r^>>: & - ( 1) ^iiXW (2) 

[z-:)y,^Ximii.<r>ts:^^fSL%7tMX'hhX l . ViJi 
Li'T i <7.)-^Wft{4 0 ( ^ ) X'h 7^ tlx M-^t h C) t 

■t h ... w.T - mtoB. 2-5 t^momm ic o t, c ix t 
mub-i-^.. ifc, '(^^^•t^^mmmxv:)MmiiXtm 
^miz^-> ^-^xhziit mm t^h ... 
[00 1 s] mt<.n.2imommo)i&^^mim.mdi 
^m^mmi. mt^mitimc^rmmmmz. stimu 

^-yf -^-^^yW) : 0.01-0. 70wt..%, t5XU\ 
.1 N-^y (V) : 0. 01—1 . 0 wt . % 

[00 1 9] IS*Ja3iBIKi7)^Bj5c7)te^/.M>i*MAiL 

mMmmm±. im-^.nm(^)nmc'>mm.mmi^z, m 

TA^—'OMM) : 0.005 - 2.0 wt.."i, 
=^^y{l\) : 0.005 —1.0 wt..%. 

r..-^7"(Nl>) : 0.005 — 0.50wt,.°b, H^lf. 

V'liOZLr^Mlr) : 0.005 — 0.50wt.°i 

[00 2 0 3 %MMsm<^mmoM^^mmmji 
m'mmm^i, m-m^.iimi'mmoy^m-mmmz , s 

.^>/7.^><W) : 0.01— 0.70wt..%. t-iitA, 

.>\i-i/^M(v) : 0.01-1.0 wt..:;; 



[0017] .ZcoWMii. ±tmmzm-^i-^XKi:^ittz 

nmM-mmWi. C : O.IO— 0.35wt.%. si : 0.50—2.5 
wt.%. Mil : 0.20— 2.50wi.°b, Cr : 0.01— 2.50wt..S. Mo : 
0.01— 0.70wt..S, tJit/, Ni : 0.01—2.0 wt.%*r-t-:^ 

^^•L, L/J^i;, Tied) it: 
■30Mii-llCr+40Al-15.2Ni+13. 1W+104V+40T i 

(1) 

^C<7,)^ai^(2j>D- TIE (2) 
( 1 +2 . KiQ-) ( 1 +3 . OMo) ( 1 +0. 36N i ) ( 1 +5 . OV ) 
(2) 



-.■t7'(Nb) 



0.005 -2.0 i^Jt..%, 
0.005 —1.0 wt.%, 
0.005 — 0.5OW1..5;, j=5j;V, 
0.005 -0.50wt..% 

[002 1 ] a3t<Jfl5fe»i?)I^BBi7:)f&3I^Mif ^M7JL 

f&^t-m.'^ (Di ) 30-150 mrai7)4EH|^(c?)l> it (C 
[ 0 0 2 2] 

c^yt^&zrmtQ^'^^^ z t i,zx X . mm^M-KMrniz 

Xn^Miizy x.y-^ h ■ -^iv^y-^A humM^t-th 
Z t ^/T # , 7 X 7 h A'-? II y^4 h 0)Wm&^ Sr 

mu-th zht,zx->x. mKix^^&f^^^^zm- l . 

f. . 134 #01) (7)51^ t-t->j-(.-5i&-C••S-S.<7.)•<:^. {jf^tt^ 
[00233 ttz. SStm£7.)*¥(C*5t^-C{i. mTCJS^ 
$ i L ^. .r //'/^ v/ji- , (1 J: tUf , ^ffi^'.)^}! ?r 

ffiia § A^i^' fbf ^. i h < *7c:?s^5ig/j>ti3Df 2. .. ig 

(::, Si, Mo, W iyiVV (cj; -:.T^aMLf}cmffiW://Jl::^ 
[0024] (c. C:i'.),?feHS(Cfci^T{4. 

L.-C, iStRRJtTt^ 2 7°(I:5i-itf,:. ilJ/^l55c;^-.i: L T 



BNSDOCID <JP 4091 11403A_i_> 



( 5 ) 



Wm^9-1 11403 



[ 0 0 2 5 ] mz , z<7Mmi')mmn?JimMmmmc:) 

(1) .^«(C) 

(Cfi , 0 . 10 wt. . % 0Jb L T t > ^. C i: //'.l>:>^T-.t, 0 . 
0.10 wt.':v..^.MTii:- WSJ^-?Sic?f fl:«i?^$*f#^>^-^.> 

[00 2 6] (2) > 'J=J> (Si) 

7C*T-$)-&... sicc, ;)SMLfx-fbj&is;^if.^§-ti-c. raid 

0.50 wl,.%*iST-{i:, ?«mMaB#(c?Src?^' .x4'(c^«rig 

*ja<.> — ^r. > '.J=3> 2r*ft//2.5 wt. %imtxi& 

mi'Z^j: ht. 7±9 -f h i*' :^ •< ^ 0 3* rt - ^.KS X 

mv^f^M, mzm.m^m.<7mT^m<... m-^x. 

!i3>#^fi^: 0.50-2.5 vit.%cr,W^izmii.'t'<- 

%xhh.: 

[0 0 2 7] (3) ■7yf7>(y^\\) 

■^ttzi^:^lzl±. 0.20 y>t.?4,a±-k^^-^tZ t t>i^WX' 
!).§.,.. L-/rl Ki:t/''^> . -^>':^'> izl,±Ac;:^M.Aii^^ < 
i&T^-^?^imt)^h^^(^^X\ ':-(7>i-Wi?'/2.50 wt..%*r 
mtX'^&lzt^-7i't , -7/l-7^>-'f-< hfcJ;L';'7x^ ^ 1^ 

0.20--2.50 wt.%t7)iEHF^(c|lK5g-^/<g:i:-^)-§... 
[00 2 S] (4) :J'DA(Cr) 

>75?'> > |5]«(cil;^7Ji1±'r ra±^^i■>2.>?:){c 

wt.. ?o'l.:JJi^:fi-$ ithZt t)iiimxh Lt- Ltci-r 

.5>f^Sj'j'\t)l.i7:)t-\ -?-^':)i-:s-fl;//2.50 wt.%*^I.tT# 
.h . -7 /L't" i V J; L"^' 7 X 7 -f l> <7) - fflffi 

Mfflttc7)ife^fl:^l-3<. t«'>T. .^nA#Wfi'^, 0.01- 



2. 50 wt. ?f;£OKfflr^til56f-^<# T-S> I. 
[0029] (5) t U7"7^"> (>to) 
^: IJ 7'r >-«iAc3S:®„>#.^iS*^T 7 X i7 b ^(SiC^^^i) 

V^m.^^K^^h^-th(^nzmti:ixMX'$i O . 'c*7)f^ 
ffl'5:^»$-ttl.7'.:s^(:ii0.01 trt.. 9a:iJiS-W^-^^ C t 
-h^'&'^X-h?^'., Lfj'L t{:ri^ i'r. , U 7'-r'> 
irTcmT^t) , 'c^>i-Wl://'0.70 wt. %->:SS.tTS5jP L 

xi.±.im^tmiixm{^mti:^m^m< . m-^x, 

^';7"x>-&*^*^. 0.01—0.70 wt.%<7MMf^l>zmi^ 
[0 0 30] (6) ::!■.•/ ^r/KNi) 

- ynii , fiAilttfc J; tX^tt 2: ^^»^ -S. iz^^tcjt 
ST\t)0, 'c<7>f'^S^^ffl$-it'S.7^.:;!6(c{i;. 0.01 wt.% 
&±-^^ $ I. .1 i: *S'J>:^-C-S) -1. L L ^/ 4> . - -y 

^A'^w**J2. 0 wt. %^«37: T -^mizK: ^ t mmi^ 
mx'h h tz^i^z^mi^^Tm^fs < » M'.>-c . -•y .^vi- 

-^**ar . 0. 01-2. 0 wt. %i7)|gSll^tC[IS.^-r<i' T^j 

[0031 ] (7) i^yi^^'^.r-yw) 

9 y 7' X > {± . t ' J 7-r' > > iHlli (c A ^S.if *r 

T 7 X 7 -f v±mz^itt}Xh D . s j'i , it^M Lt5:fi:iajjt 
xj^m7tm.m%M^\p\h^^h<rHz-^^j:Tmx'h 0 , ^ 

s7.)mffli-.^IS$-tl--5.7'-^6(-{i:, 0.01 wt.%W.±#i^$-l± 
t ffi'&WXh h „ L L , ^ >'i?".X-r > L * 

Iffi^TTuKt'i) 0 - i?)^^rM*>0 . 70 wt . % ^n.7JX 

9 > y^.T- > - 0. 01— 0. 70 wt. %<7)iEiai^(cRR 

LTi^jD-r ^.*&(c{i-et'.)|g*{±o. 70 wt. %y.T.> -r^ 

<7,)//lliL.vv, 0.70 wt.%*-^x.«.*^(i{4aKMAii 

m.^if'-kt < ^x-.'XiJt I < Kc^ K 
[0032] (8) yN-i->''>A(V) 

m?Jx^^'mi^mimm^M*:m±^ tt . mm imm 

m^mk^-^X. ffiJS S 2r [*] ± ^ -ti- ^. (c WS^J^Tt 
f^ffl$r^»$i^?.5ti^l:tiO.Ol wt. %t::JJi-irit$-ii:-i>'r 

0 wt. %^nz. h t , 'tom^i^'^mn i-mmm:^ ^ 

m<... fit'^X, Ai-hi.-'^A-^W**:, 0.01—1.0 wt.% 

^mmp^i,z^&i^t^<^ xh h ,, 

[00 33] (9) r;l,-=->^A(Ai) 
± , SKflii^ J; V'«^54,K'$r foli $ ti:i> c7)(.rlr^35r7C*T' 
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$) h . C i7;/i4;^{- tiO . 005wt. . ^iy.±#* L T I » l. 
'XMXi'^^h,. tfzr)\ S --^^{iv 'J 3 > i: 7 x 

//2.0 wt. %^ULX^mZ'^£h t TA'S. -i-lk-iXWiWfi 

t;1. 5 -'^A-g-Wft-r , 0.005 — 2.0wt,.":',:,<7j|ESll^(cPI 
?Et'<. # t-J) ,. t. fz , >- 'J 3 > fc "T^-'l- S -'^ A a: Wffl 

[00 34] (lO)^^'^ (Ti) 
^ 9 > 4> 7 i 7 -f I- fflJfi!c7C*T #) 0 , Acg «: 

> t-WM/zi . owt.. % ^mt^t. 'c-<5o^M*mfD Ls?^ 

XW&^MT^rmK... {ft-^X. ^^>#W«:i'. 0-005 
-1 .Owt. Voi?)|E|l)|^i:|5Rjg-^/-C§ X'h h 
[00 3 5] (ll)-.-t7'(Nb) 

7c*i:\t> ') . 'ci')('^ffl2rl&»$-<i:-g.?"c*^>C(±0.005wt.. % 
l:)±^^^'tt7^Zt-//'.^^Xh^.: Lf)^L^j:ifih. 

7'-&w*--^'' o.50wt.. '\;^mti^t. -tcm^mmt 

Ac-: =920-203 >/"C+44.7Si+31.5Mo- 

lzJ:-.>X%li!,^i'LhAc:,A.><^A-:P-^. 850 —960 

[00 3 s)] (um-mmnm.'i^ ah > ■. mm!ss,rrm:m 
(Di ) iimom7J'Lii7:mi:>-rmx-hZ'. -flswic. 

Di =7.95,r (;(l+0.70Si)(l+3.3Mii 
tcj: OB:tti$iL-S.fl;m^^ES (Dj ) ffi*'30rarai:J,JiT' 
(Di ) fil*'250mm ^mtl^t, >f-.Zf-^'^ h^i^'t' 
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